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Analyses of stream-sediment samples from 

Ketchikan quadrangle, southeastern Alaska

by

R. D. Koch and R. L. Elliott 

Introduction

A reconnaissance geochemical sampling program was conducted be 

tween 1975 and 1977 in the Ketchikan and Prince Rupert 1:250,000- 

scale quadrangles, southeastern Alaska. The study was done to 

assist in a mineral resource evaluation of the area as part of the 

Alaska Mineral Resource Assessment Program (AMRAP). This report con 

tains the analytical data for 2396 stream-sediment samples collected . 

in the Ketchikan quadrangle during this and previous U.S. Geological 

Survey mapping projects between 1968 and 1977. These samples com 

prise all the normal stream-sediment geochemical samples collected 

during U.S. Geological Survey geological mapping investigations within 

the Ketchikan quadrangle through 1977. A brief statistical summary of 

the analytical data is included in this report. - :-

Analytical data from rock geochemical sampling within the Ketchikan 

quadrangle and from all geochemical sampling in the Prince Rupert quad 

rangle directly south of the Ketchikan quadrangle, are contained in two 

companion reports (Koch and Elliott, 1978a, 1978b). Geochemical data 

from the southern portion of the Bradfield Canal quadrangle (directly 

north of the Ketchikan quadrangle) are reported in Koch and others 

(1976). Data from all of the normal U.S. Geological Survey rock and 

stream-sediment geochemical samples collected in both the Ketchikan

and Prince Rupert quadrangles are available on magnetic computer tape 

(Koch, Van Trump, and McDanal, 1978).



Geologic studies in the Ketchikan area

The western half of the Ketchikan quadrangle is underlain by a 

broad belt of regionally metamorphosed Paleozoic and Mesozoic sedi 

mentary and volcanic rocks which grade from greenschist to amphibo- 

lite facies. These rocks are intruded by numerous granitic stocks 

of Cretaceous to Miocene age. Granitic and amphibolite-grade region 

ally metamorphosed rocks of the Coast Range metamorphic-plutonic com 

plex occur throughout the eastern and northern portions of the quad 

rangle. "  

The earliest comprehensive discussions of the geology of the  

Ketchikan area are contained in reports by Wright and Weight (1908.) > 

and Buddington and Chapin (1929). Buddington (1929) also described 

the Hyder mining district located near the Canadian border 120 km 

northeast of Ketchikan. Other discussions relating to the geology . 

of this area include a report by Hutchison (1970) on the Coast 

Range metamorphic-plutonic complex in the Prince Rupert region of 

British Columbia and a summary of the Coast Range metamoprhic-plutonic 

complex by Roddick and Hutchison (1974).

Recent geologic investigations by the U.S. Geological Survey in 

the Ketchikan quadrangle began in 1966 with mapping on Annette Island 

(Berg, 1972). Mapping began on Gravina Island in 1967 (Berg, 1973; 

Berg, Jones, and Richter, 1972) and in the Hyder area in 1968 (Smith, 

1977). Reconnaissance mapping in the Nakat Bay-Boca de Quadra area 

was carried out in 1969 and 1970 (Smith, 1973). A mineral resource 

evaluation of the Granite Fiords Wilderness Study area east of east



Behm Canal was conducted in 1972 and 1973 (Berg and others, 1977a). 

Field studies continued as part of the AMRAP program from 1975 to 

1977 (Berg, Elliott, and Koch, 1976; Elliott, Smith, and Hudson, 

1976; Berg and others, 1977b). Reconnaissance mapping of the Ketchikan 

and Prince Rupert quadrangles has been completed and a geologic map 

at a scale of 1:250,000 has been published (Berg and others, 1978).

Sampling

Standard procedures were followed in collection, preparation, and 

analysis of the stream-sediment samples. Samples were generally col 

lected from the finest, most organic-free sediment in the active stream 

channel. In rare instances where this was not possible, samples were 

collected from bank or terrace deposits adjacent to the channel. At 

sites below the tree line, it was not always possible to collect a 

sample completely free of organic material and a small number of sam- 

.ples have low to occasionally high organic content. Stream-sediment 

samples collected from shoreline sites were obtained above highest 

high tide level whenever possible. Most of the study area is steep 

and sediment in the resulting swift streams is essentially £ll detri- 

tal material resulting from mechanical, not chemical weathering. The 

bulk of most stream-sediment samples comprises material ranging in 

size from very fine sand to pebbles. Samples with a large percentage 

of silt- and clay-sized material are rare and are generally from areas 

of low elevation and gentle gradient.



Table 1. Lower determination limits and units for analyses performed from 1968

through 1977. S- indicates spectrographic analysis^ AA - indicates atomic 

absorption analysis and INST - indicates flameless atomic absorption 

mercury-vapor analysis. The units used to report values for each 

analytical procedure are listed after the determination limit.

S \trrn

S-Ti1/  
O X JL 

SM_.

£\i&

S-Ba2/  

    .05%

  w & T»

    . 05%

    .002%

    10 ppm

    .5 ppm

   200 ppm

    10 ppm

   10 ppm

    20 ppm

    1 ppm

    10 ppm

S_M**

4T JhJ

S_CK_  ___

    20 ppm

    5 ppm

    10 ppm

5 ,,-, ,,,-,-

    20 ppm

    5 ppm

    20 ppm

    5 ppm

    10 ppm

   100 ppm

     5 ppm

   10 ppm

rf

j, 

S_*7i-i_________

n/\ £\VA

«_ & >«»^

INST-Hg-/    

100 ppm 

10 ppm 

50 ppm 

10 ppm 

200 ppm 

10 ppm 

.05 ppm 

5 ppm 

5 ppm 

5 ppm 

.02 ppm

-' .001 % in 1968.

  5 ppm in 1968.

5 ppm prior to 1970.I/
4/  10 ppm prior to 1975.

  .02 ppm prior to 1972.

  .01 ppm prior to 1972.



tables, the prefix S stands for spectrographic analysis, AA for atomic 

absorption and INST for flameless atomic absorption mercury-vapor 

analysis.

Results from semiquantitative emission spectrographic analyses 

(also referred to as six-step spectrographic analyses) are reported 

as the midpoints of geometric class intervals. Mid-points of the class 

intervals and the associated class interval boundaries are listed in 

table 3. Reported values may be any integral power of ten times one 

of the listed class interval mid-points.

Table 3. Class intervals of the six-step scale.

Class interval mid-point Class interval limits

1.0

1.5

2.0

3.0

' 5.0

7.0

10.0

0.83

1.2

1.8

2.6

3.8

5.6

8.3

1.2

1.8

2.6

3.8

5.6

8.3

12.0

Precision

Tests have been performed to determine the analytical precision 

of the six-step semiquantitative spectrographic technique used by 

the Branch of Exploration Research (Motooka and Grimes, 1976). These 

tests indicate that the frequency with which values from repeated 

analyses of the same sample will fall within the class interval con 

taining the "true" value (as measured by the mean of a series of



analytical runs) plus or minus one and two adjoining intervals is approxi 

mately 83 percent and 96 percent respectively. For example, if a value 

is reported as 3.0, the probability is .83 that a repeated analysis 

would be reported as 2.0, 3.0, or 5.0. This study found analytical 

variance to be consistent for a variety of geologic materials and to 

show no appreciable difference between elements or concentration ranges 

except near the limits of determinability. Another experiment (Johnson 

and others, 1977) suggests that analytical precision varies appreciably 

among elements. Analyses by the atomic absorption methods are not 

reported on the six-step scale; they are more sensitive and more pre 

cise than spectrographic analyses.

Statistical summary

The analytical data were processed by a computer program known 

as GEOSUM and the program output is presented in table 4. For samples 

which have been re-analyzed, the values listed second in the data table 

have been arbitrarily omitted from the statistical summary to reduce 

bais. The GEOSUM program is designed to summarize and tabulate geo- 

chemical data primarily data from semiquantitative spectrographic 

analyses. All distributions are treated in terms of the six-step 

class intervals described above and thus the atomic absorption data 

is regrouped to fit into these intervals. The program output consists 

of: (a) a frequency distribution table, histogram, summary of quali 

fied values, range of values and geometric mean and deviation for each 

element, and (b) a statistical summary for all elements, which includes 

geometric means and geometric deviations.



The histograms are on a logarithmic scale and are computed using 

the class intervals of the six-step semiquantitative scale. The histo 

gram bars are composed of X's; each X represents approximately 1 per 

cent of the total number of samples analyzed for that element. Decimal 

numbers are printed by the computer as powers of 10, for example: 

7.0e-01 means 7.0 x 10~ or 0.7 

7.0e+00 means 7.0 x 10° or 7.0

7.0e+01 means 7.0 x 10 or 70.0

27.0e+02 means 7.0 x 10 or 700.0

The frequency distribution tables, histograms, and statistics for 

each element were derived using only data values within the range of 

analytical determination which have been used since 1975. Between 

1968 and 1975, the lower limits of determinability for Au and Hg 

analyzed by atomic absorption techniques and for spectrographically 

analyzed Ti, Ba, Cr and Nb were raised. Unqualified values less than 

the current determinability limits and all values qualified with N, L, 

G, or H were ignored in these computations. The resulting frequency 

tables and statistics are biased and the histograms incomplete.

The summary at the end of table 4 shows which elements have quali 

fied values, as well as the number of values having each type of quali 

fication. The summary also presents a recomputed geometric mean and

geometric deviation using a method devised by A. J. Cohen for treating 

censored distributions. If an element has no qualified data values, 

the mean and geometric deviation will be the same in both this summary 

and on the page within the table for the particular element. For ele 

ments with qualified data, the estimates of mean and geometric deviation



are unbiased in a strict sense only where the data are derived from a 

log-normal parent population, but experiments have shown that large 

departures from this requirement do not usually invalidate the results. 

Acceptance and use of the estimates, however, are the responsibility of 

the user.

The geometric mean is the antilogarithm of the arithmetic mean of 

the logarithms of the analyses. It is not an estimate of geochemical 

abundance but of "central tendency" (or characteristic value) for a 

frequency distribution that is approximately symmetrical on a loga 

rithmic scale. The geometric mean is useful for characterizing many 

geochemical distributions. The geometric deviation is the antilogarithm 

of the standard deviation of the logarithms of the analyses.

For further discussion of geometric mean and geometric deviation 

and of Cohen's method for censored distributions see Miesch (1963, 

1967).

Bias and variability affecting interpretation

In reviewing the data in table 5 and the statistical summary in 

table 4, several sources of bias and variability in the data must be 

considered. Factors including time limitations, weather, snow and 

vegetative cover, outcrop exposure, and availability of helicopter 

landing sites prevented uniform sampling in all areas. Uneven sample 

density also" resulted from more concentrated sampling of some areas 

which show evidence of mineralization such as iron-staining or visi 

ble metallic minerals. This practice has biased the data slightly 

in favor of samples containing values above true background levels. 

The requirement of truly random sampling that all potential samples

10



have an equal likelihood of being selected is not strictly met. Samples 

were collected from streams draining a large area, where lithologic units 

of various origins or rock types may comprise several dissimilar geo- 

chemical populations. No attempt has been made here to group samples 

on the basis of geological or geochemical affinity. The summary of 

their values thus provides only a general indication of the trends 

that may be present.

Values from stream-sediment samples which contain appreciable 

organic material may be influenced by scavenging. Variability of 

any value is influenced by many factors including the difficulty of 

obtaining representative samples of inhomogeneous media, variation 

in sample preparation and variability inherent in the analytical 

techniques. It is likely with any large data-set that errors have 

occurred in recording, key-punching and editing the data which have 

not been detected during proofing. Therefore, high values for a 

single element or a single site should be considered questionable 

indicators of bedrock mineralization.
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